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1 3.  ABSTRACT  (Maximum  200  ward?) 

This  project  employs  psychophysical  techniques  to  examine  the  limitations  on  spatial  vision 
imposed  by  the  first  stages  in  the  visual  pathway.  Many  of  the  experiments  capitalize  on  laser 
interferometry,  which  allows  sinusoidal  gratings  to  be  formed  on  an  observer's  retina  that  are 
immune  to  optical  blurring.  The  appearance  of  very  high  frequency  gratings  is  distorted,  or 
aliased,  by  the  cone  mosaic.  Such  moire  patterns  provide  the  basis  for  psychophysical  tech¬ 
niques  to  assess  the  topography  of  the  cone  mosaic  in  the  living  eye.  These  measurements, 
accompanied  by  measurements  of  visual  acuity  clarify  the  relationship  between  cone  spacing  and 
resolution.  Resolution  was  also  measured  under  conditions  in  which  only  the  M  or  L  cones 
could  detect  the  interference  fringe.  Visual  acuity  was  little  different  than  it  was  when  both  cone 
types  detected  the  grating,  showing  that  resolution  is  immune  to  photoreceptor  loss  under  these 
circumstances.  We  also  established  an  aliasing  phenomenon  caused  by  spatial  sampling  by  M 
and  L  cones.  Interferometry  also  allows  measurements  of  the  optical  quality  of  the  eye,  and  a 
viable  experimental  design  has  been  established  to  estimate  the  off-axis  optical  quality  of  the  eye. 
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RESEARCH  OBJECTIVES  STATED  IN  ORIGINAL  PROPOSAL 


1.  A  psychophysical  technique  that  employs  interference  fringes  to  spatially  modu¬ 
late  only  one  cone  type  will  be  used  to  search  for  aliasing  in  the  middle  and  long 
wavelength  cone  mosaics  separately.  The  identification  of  aliases  under  these  condi¬ 
tions  may  reveal  the  packing  arrangement  of  these  cone  types  in  the  human  fovea. 

2.  When  viewing  interference  fringes  at  spatial  frequencies  near  60  cycles/ deg,  some 
observers  report  the  appearance  of  "red-green  zebra  stripes"  that  are  qualitatively 
similar  to  the  achromatic  moire  patterns  previously  reported  at  higher  frequencies 
(110-120  cycles/deg).  Experiments  will  distinguish  between  two  competing 
hypotheses  for  this  phenomenon:  aliasing  by  M  and  L  cones  or  nonlinear  distortion. 

3.  The  spacing  between  sampling  elements  in  the  short  wavelength  mechanism  will 
be  measured  as  a  function  of  eccentricity  in  the  living  human  eye. 

4.  Improved  estimates  of  the  resolution  of  the  short,  middle,  and  long  wavelength 
cone  mechanisms  will  be  obtained  with  interference  fringe  stimuli 

5.  The  origin  of  the  poor  resolution  for  red-green  equiluminant  gratings  will  be 
clarified. 

6.  Random  dot  stereogratings  will  be  used  to  search  for  aliasing  by  an  array  of 
disparity-sensitive  units  across  the  visual  field,  to  determine  the  factors  that  limit  spa 
tial  resolution  for  changes  in  depth. 


7.  A  technique  that  uses  moving  random  dot  patterns  will  search  for  aliasing  by  an 
array  of  motion-sensitive  units  across  the  visual  field,  to  determine  the  factors  that 
limit  the  spatial  resolution  for  changes  in  motion. 

RESEARCH  STATUS 


Below  I  describe  progress  made  during  years  1  and  2  of  the  grant. 


(1)  Consequences  of  Spatial  Sampling  for  Motion  Perception 
Nancy  Coletta,  Carlo  Tiana  and  I  have  investigated  a  motion  reversal  phenomenon 
observed  with  drifting  interference  fringes  that  we  have  linked  to  cone  aliasing.  The 
experimental  aspects  of  this  work  were  completed  under  a  previous  grant  from 
AFOSR.  In  the  first  year  of  the  grant,  we  completed  theoretical  work  related  to  the 
project,  including  implementation  of  a  model  of  the  phenomenon  on  a  PDCAR  image 
computer.  During  the  second  year  we  also  produced  a  manuscript  on  this  work 
which  is  now  in  press  in  Vision  Research.  A  book  chapter  on  some  computational 
aspects  of  the  problem  is  also  in  press. 


(2)  Measurement  of  the  Effect  of  Chromatic  Adaptation  of  Foveal  Acuity  and 
Aliasing 

During  year  one,  Orin  Packer,  Nobu  Sekiguchi,  Nancy  Coletta,  and  I  have  used 
chromatic  adaptation  in  an  attempt  to  isolate  either  the  M  or  L  cone  mosaic,  with  the 
goal  of  investigating  resolution  and  aliasing  with  either  cone  mosaic  alone.  We  have 
found,  surprisingly,  that  the  most  extreme  forms  of  chromatic  adaptation  we  can  pro¬ 
duce  do  not  alter  estimates  of  visual  resolution.  This  suggests  that  resolution  is  equal 
whether  either  the  L  or  the  M  cone  mosaic  is  operating  alone,  or  both  mosaics  are 
operating  together.  We  are  currently  preparing  a  manuscript  on  this  work. 

(3)  Construction  of  a  Two-Channel  Chromatic  Laser  Interferometer 

Nobu  Sekiguchi  and  I  have  finished  constructing  a  new  laser  interferometer  in  the 
laboratory  for  generating  chromatic  inference  fringes.  Such  fringes  will  allow 
sinusoidal  modulation  in  chromaticity  as  well  as  luminance  while  avoiding  blurring 
by  the  optics  of  the  eye.  One  of  the  goals  in  developing  this  device  is  to  produce 
aliasing  a  single  cone  type  (either  M  or  L)  to  deduce  the  packing  arrangement  of  the 
M  and  L  cones  in  the  fovea.  Last  year,  we  discovered  a  deviation  in  the  specifications 
of  the  polarizing  beamsplitters  that  are  critical  to  the  device.  This  produced  a  spuri¬ 
ous  interference  fringe  of  about  8%  contrast  in  the  field  of  the  instrument,  and 
delayed  full  implementation  of  the  device.  We  have  now  solved  this  problem  and  are 
poised  to  begin  these  experiments. 

(4)  The  Cause  of  a  Chromatic  Moire  Effect 

During  the  first  year,  Nobu  Sekiguchi,  Orin  Packer,  and  I  discovered  another  kind  of 
aliasing  phenomenon  in  the  fovea  that  occurs  near  the  resolution  limit.  We  pursued 
this  phenomenon  with  some  vigor  because  it  was  a  candidate  for  aliasing  by  the  M 
and  L  cones.  Identifying  such  a  phenomenon  could  allow  the  packing  arrangement 
of  M  and  L  cones  to  be  determined  in  the  human.  We  now  believe  that  this  effect  has 
another  origin,  and  is  produced  by  cone  sampling  coupled  with  an  early  nonlinearity 
in  the  visual  system.  During  year  2,  we  produced  a  manuscript  on  this  work  which  is 
now  in  press  in  Vision  Research. 

(5)  Identification  of  Chromatic  Aliasing  by  the  M  and  L  Cones 

Perhaps  the  most  exciting  accomplishment  during  year  two  of  the  grant  was  estab¬ 
lishing  a  phenomenon  whose  origin  is  almost  certainly  aliasing  by  the  M  and  L  cones. 
It  turns  out  that  this  phenomenon  has  been  known  for  more  than  150  years,  but  has 
been  attributed  to  temporal  factors  (Benham's  top)  instead  of  spatial  aliasing.  Fine 
achromatic  gratings  seen  under  conventional  viewing  conditions  can  appear  to  be 
covered  with  coarse  red  and  green  splotches,  and  this  is  just  what  one  would  expect 
from  spatial  aliasing  by  the  M  and  L  cones.  We  are  preparing  a  manuscript  to 
Nature  on  this  discovery,  and  hope  to  pursue  it  further  to  see  whether  we  can 
deduce  the  packing  arrangement  of  M  and  L  cones. 
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(6)  Interpolation  and  Trichromatic  Spatial  Sampling 

David  Brainard,  a  recent  arrival  in  my  laboratory,  and  I  have  just  launched  an  investi¬ 
gation  of  the  rules  the  visual  system  uses  to  reconstruct  spatial  patterns  under  condi¬ 
tions  of  inadequate  sampling.  Specifically,  we  are  interested  in  whether  the  fine  reso¬ 
lution  afforded  by  die  luminance  channel  can  improve  the  resolution  of  gratings  seen 
only  by  S  cones.  Preliminary  evidence  suggests  that  a  luminance  grating  added  to  an 
S  cone  grating  that  is  too  high  to  be  resolved  by  the  S  cones  alone  can  improve  S 
cone  resolution. 

(7)  Measurement  of  the  Effect  of  Adaptation  to  Chromatic  Fringes  on  Spatial 
Localization 

During  year  two,  Kyunghee  Koh,  Peter  Lennie  and  I  examined  the  mechanism  by 
which  observers  adapt  to  chromatic  fringes,  such  as  those  produced  by  chromatic 
aberration.  One  of  the  issues  we  are  addressing  is  whether  the  adaptation  effects  are 
restricted  to  color  or  actually  modify  spatial  localization  as  well.  The  evidence  so  far 
suggests  that  color  appearance  alone  in  modified  with  no  effect  on  spatial  localiza¬ 
tion. 

(8)  Development  of  a  Model  of  Chromatic  Opponency  with  Random  Connections 
of  Cones  to  Ganglion  Cells  Peter  Lennie,  Bill  Haake,  and  I  have  been  exploring  the 
rules  the  visual  system  uses  to  create  ganglion  cell  receptive  fields.  This  work  has 
resulted  in  a  chapter  in  press. 

(9)  Measurement  of  the  Off-axis  Optical  Quality  of  the  Human  Eye 

During  years  1  and  2,  Raphael  Navarro,  Sue  Galvin,  and  I  solved  a  number  of  techni¬ 
cal  problems  associated  with  measuring  the  off-axis  optical  quality  of  the  human  eye. 
We  are  using  a  variation  of  the  technique  introduced  by  Campbell  and  Green  for 
assessing  optical  quality  at  the  fovea.  Now  that  the  new  interferometer  is  completed, 
we  can  begin  collecting  final  data  on  this  project  in  September. 

(10)  Experiments  on  the  Locus  of  an  Early  Nonlinearity  in  the  Visual  System 
During  year  two,  Chen  Bing,  Walt  Makous,  and  I  completed  experiments  showing 
that  a  nonlinearity  in  the  visual  system  responsible  for  spatial  harmonic  distortion 
probably  resides  in  the  outer  plexiform  layer  of  the  retina.  We  have  shown  that  there 
is  some  low  spatial  frequency  attenuation  introduced  prior  to  the  nonlinearity, 
excluding  cones  as  the  locus  for  the  nonlinearity.  On  die  other  hand,  the  spatial 
bandwidth  of  the  stage  prior  to  the  nonlinearity  is  consistent  with  the  size  of  indivi¬ 
dual  cones  even  in  retinal  regions  where  there  is  considerable  convergence  of  the 
cones  onto  bipolars  cells.  This  makes  the  outer  plexiform  layer  the  most  probable  dte 
for  the  nonlinear  phenomenon.  A  manuscript  is  in  preparation. 
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